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(57) Abstract: A positive electrode material for a lithium secondary cell comprising (1) a lithium-manganese composite oxide hav- 
ing a spinel structure wherein a part of Mn sites is substituted by another element and (2) a compound having a structure obtained by 
substituting an element other than Li for a part of Mn sites of a tetragonal system lithium-manganese composite oxide represented 
by Li 2 Mn 2 0 4 and/or a lithium-manganese composite oxide having a layer structure; a positive electrode for a lithium secondary cell 
containing said positive electrode material for a lithium secondary cell as its active material; and a lithium secondary cell having said 
positive electrode for a lithium secondary cell. The positive electrode material for a lithium secondary cell can be used for suppress- 
ing the lowering of performance capabilities at a high temperature such as the decrease of capacity due to repeated charge/discharge 
cycles or a storage under a high temperature condition and thus for providing a lithium secondary cell having excellent cell charac- 
teristics under a high temperature condition. 
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m ffl m 

V3-r!;&=.}kmm<DiEmf£WKitVT&, LiCo0 2 , LiNi0 2 . Li 
Mn s 0 4 £©'J^*Aa£Kfc&#«$£ftx BF&tftfA/fcfxbftTV^. *© 

>«£BMb«9j fc'aSI-Sifcj^feS) tt % Mn#C o-£N i fcJttfcLTSMfi 
U^^Av>*>tft^Kft«g%ffl^fc?S#jH©i»SfcUT*ao^*«ff*>*i 

V (L iMn 2 0 4 ) ^ L iMn 2 0 4 «fc t) #{ifiM^ 
fet)©^S* J ^tVNlttM^^oU^'>A^>^>1t^Mtl(L iMnOJ 

ftffi¥9 -3 0 6 4 7 5^&«fctiU *Ojfe«B#fc*RTjffifl<Jfc:«l L i 
t>&m©{£T£M-r£fc«K ^K^^IgSflUe^^U^^A 
■?>X>W.&®{bVa (L iMn 2 0 4 ) £; L i 2 Mn 2 0 4 T-H£*iSIE£lil6 V ^ 
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0-14982 8^&«fctt^ mftmmofkMtsttz *) i-t i>4 * 

£8oy?-"i7A (L i 1+x Mn 2 .,0 4 , 0<x<0. 2) 2:, 

L i 2 Mn 2 0< T-^^ti^)iE^^ l J^'i7Av>^>m^^btl^?)*c?.iEMrS 

bfrtfc#e>> ±aB©^i^©£fcfc*£fc»j£©^< *©■*?»&<% isa^ 

x e * ;HSig© U f- 1> A v > if > }££r$Ht ft * MSftH i: L T ffl ^ t 

£fc N L i 2 Mn 2 0 4 ?££ftSIE£gSM;^*A^>jtf>1ft£Ktoftttx 

ft £ &RS£iST * o o 

*$&Hll©B«Jfciu ±HH©^ST-©ttfg<£T (W^T-COSfSM^-f 
M#Cff5SifiT) £MU j!5ST-C©*?llJ^tt©ftnfeU^->A-*S 
M©TO&t>* 'J f- •> a x&*ife£Ji&-r & c J: fcfc a o 
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<ftW<Dffi7jk> 

(2) L i 2 Mn 2 0 4 -C^^ti§iE^ H ^'J^^A^>^>^M^©Mn^ 
fa V?-*Av>#>mi^b«mfri§rfc>T;ii:tc£!K MTT-©€«il 

t-Sd^liffiU ( 1 ) *£*>MSIl1li;i£#U MnN bCD-gfltfffe^i-?: 
g^ftfey^Ax^tf^^SMbtJ*:, (2) L i 2 Mn 2 0 4 -C*g|£*i£IE;* 

fiP^*Wil©Illi, ( i) XVZJl&ikffi&ZGL, Mn^ bcD-gfl 
* J ffe7t^T•gm$tlfc>;5 : •»>Av>pf^>1g^^btl^:^ (2) L i 2 Mn 2 o 4 -es 

7c^T-gm^nfcUf-«>Av>^>^^b^J:x (2 wr* 

rcfilTg&£ftfcy^*Av>:tf>&£$M»^ (2) L i 2 Mn 2 0 4 -C^$tl 
SiE£S8U?-£Av>#>1ft£I8fc^®Mn-*-f b©-g|5#L i^CDflbjc* 
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^©Mn+M hSBlft-rSfl&TclRtfN AK Ti, V, Cr> Fe, Li, Co, 
Ni. Cu, Zn, Mg>'Ga, Z r *»&ft*W*»e»aKn4 1 £Lt©fll7G*T 
fc£ d ££1$«ir£-tfatg 1 ~ 3 ©^1**i2>©Sgfc:IB«© 'Jf^Ar^ti 

^©MniM h^gSlf ^ffeTC^^s Al, Crs Fe, Li, Co, Ni, M 
1 ~ 3 ©v^ftfrCggtiSBfi© y f - 0 A-fcmifeffi JE&M*4o 

*wi6©sii±, ^K*;ngs«jgs^-rsu f-">AT>#>a^ttfls 
&©Mn-tM h^am-r-sffeTc^A 5 , ai, Li, Mgip& ?>aan* 

£±HB1§ 1 ~ 6 ©lvrft*»©glfc:iB«© y A-&mi6J8iE1g#**C 

i:£^i:-f £±!3ig i ^©^^©ggKiaf^y^A-MiiffliEii 

#>f b©-gi5d s flfe7C^trS^^tlT^-SCi:^^J:-r§±HB^ 1, 2, 4~8 
©t>1*n*»©5Bt:fiB«©y f^A_*ii^iEiMl:#tSo 

n+M h©-$#, Al, Ti, V, Cr, Fe, Li, Co, Ni, Cu, Z 
n, Mg, Ga, Z r, Nb, Mo, P b if t> taZ&fr P>SttttS 1 JU±©ffe7C 
3B^g&<*ftT^acfc£#®fc-f *±1B8§U 2, 4~8©VN-ftl*©Sg(C 
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nifyf h©-gp^ irafi¥$ffi»#x 3. 5*sj-ejfe*fl!i7c*t:«fct)aiji$nT 

^*Cfc*Wafc1 _ 4±E»lH 2x 4~1 0©gg©^r*l*»lCiB*© , ;*-S 

*$60I©81 2©5S{±n L i 2 Mn 2 0 4 T*a£ft£IE;£JI?(U;^Av>;tf 
>a£Rfc»0Mntf-f h©-»*«ttf*flb7cJR^ Al, Ti, V, Cr, 
Fe, Li N Co> Nix Cu. Z n> Mg, Ga, Z r N Nb, Mo, Pbi> 
&ft*»*»&«ttti*ltt±©flli7c*T*SCi:*«f«ti:rs±IBl^ 3-1 1 

© s b © ^ -f ti * iz mm © u 1> a - *m?6ffl m urn t # r a , 

**«3©^l 3©^g(i, L i 2 Mn 2 0 4 T^£ft<5IE;£SI&y?-£A-<?'># 
>^itt0Mn^>f h*gmi-5ffe7C^©SDM¥^fiffift^ 3. 5*^^:$) 
S z: 3 ±IBS&U 3-1 2©5g^rti*»tS3tt©U^^A-lk« 

fclBWOMH 4©g©tt. (l)*lf*;Mgil*iii**U Mnlf-f h©-« 

^SIE^g^U *-£Av>#>«£iMt&©MniM h©-g|S#L iW^©f&7C 

»£©MJt#, SSJtT- 1 0 : 9 0-9 8 : 2 f&S 3 -f *±I3& 

1-13 ©si©^-rti^{csH©© yf^Az^fifflEi^t^ts, 

**gW©f&l 5©ggH\ ( 1 ) X£*;i^H$t&£WU Mni^ h©-g&# 
ffeTC^T-a^^tifeU^-^AV^^^^Mfcs (2) L i 2 Mn 2 0 4 T*3i£ 
ftaiE^H^'J^A v>^>^^fbtl©Mn1?--f h©-®# L itttt©*fe7c 

fc«©Slt#x a*itT5 0 : 5 0-9 5 : 5 C t ZftWltt S±HB8§ 

1-14 ©gg©^? *ifrt;iBt&© u &-&m.mmjEMti®t&t %<> 

#BW0S61 6©ggli, ±I3H1-1 5©^r*ifr0ggfc:B«0y*-£A 
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*fsw<z)^i 7©siiis ±i3^i~i 5 ftfr©g§tie«©»>3 L e7A 
ssttiHtuT^wr suffix Rv&mnmfre>ftzz.t*Gm£?zv : f-bi> 

IE#glB U f - a t > # >&£Kfc*B 

9©Sg(±> flfeTU^^, AL Ti, V, Cr, Fe, Li, C 
o. Nix Cux Zru Mg, Ga, Zr, Nb. Mo, P bfr t> M. 

a -7 > ij > fo&mfc ® z fs ttx i: u t %m r a o t? a - amia/a t # <r 
tifttt 2>o z t Zfr&mm&ztiT z y at 

ttL iMn0 2 T*3l£tis iE*ft3RU ^A T>**>^iftil±L i 2 Mn 2 0, 

V^Tx 'J AT (Xt^^alil^tS'Jf^AT^iJ 
>fc£ttfb«U jftt«3S**-r« Uf-^A v>#>ft£Kfb&U Li 2 Mn 2 0 4 
t!^^tiSE^^m , ;f-e7Av>^>^^b»Mn-tl-^ h©-g&#L U)JW 

6 



WO 01/15252 



PCT/JP00/05338 



K (WTs WWtKmtmttZ) fcLTttftfcfHEtt&^#s Als Tis V. 
Cr. Fe, Lis Co, Ni, Cu> Zn, Mg> Ga> Zr^©:£^f5l# 
W£*is $?£L<&AL Cr, Fe, Co, Li. Nis Mg, GatfcD> 
il:j?il<liAl, Li, MgT'fcSo &£s Mn^ H±2aw±©flbjc^ 
T?{Uft£ft-C^T* £<, L iTgifcSiiT^ Sights SCLiWM 

(Zi (X iX ni )) /Siiii 

X i : S»i5u3R i ©lifts 

n i : g^7u^ i <D^)lfrmo 
tit, *«WC*(tSL i 2 Mn 2 0 4 l?^$nSjE»a*U^'>A^>^>|ft 
mWMnt-f h©-WL i^©flb7c^"t!g|fe$tiT^5^i:^^i: 
Ls ^ra^^Wra Uf-'i7A-x'>**>m^«JiMn-9-^ h ©-SlWfBlTGffc 
■Cgft£ftT^-Ct> <fcV*o L i 2 Mn 2 0 4 ^^^tLSIE^^^U5 L '>Ax'>^> 
8teKfb»©MniM h©-WL i W©f&7C^T-gm^nTVNS^t;{±^ 
ft* ai*«jfc*3pjfc#i£fc: J: t) JSUtfa £ £ S*s ISHQiE^I 'J 
A7>if>t^ift*J: D*«|tJT-«»So Sm5c^©j!jnm¥^fiffiftlis 3. 5* 
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Al, Ti, V, Cr, Fe, Li, Co, Ni, Cu, Z n, Mg, Ga, 
Zr, Nb, Mo, Pb*f<D&m7tm&mft>tl. *?i;L<«±Al, Cr, Fe, 
Li, Co, Ni, Mg, G atfe t>, fttc*?£ L- < liA 1 , Cr, Fe, Li, 
Co, NiT-&£o MnIM h&2M±©m^llTg&£ftT^T*> <fc 

<, JftMiM£*T£y^Av>;tf>&£^btJ&, L i -?rg&£ftTV^i§ 
M(IL i W©ffe^ff|-e!&£ftT^ L- < , 'J ^ 

AT>#>}£i£iHbtl©J§£fci:, L i tL iW^cDffe^^-Cttgl^tiTV^*)© 

fefctL i 2 Mn 2 0 4 -egl£ft£IE£ill& V A v > #>}ii^fbt>©M niM 

i§£, ji^Mn©7 0 ; E;i/%WTtr$) !f$b<li6 0 Wol-^ 
l&7cit£££g8ii!j-S-(;£, L ijMn^-eliStiSIE^il^j^Av^tf 

r^Uf L ^Av>*->^^{btl, L i 2 Mn 2 0 4 T-*^*i5iE^^^'J^'i7Av 
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-)A?>if>S^®ttJ:, (2) L i 2 Mn 2 0 4 T'^^ti^IE^^^ , >'^^A-7 
©&M£^fi££-e-Tfc&^o 

(1) Xt*;i^il1ii£££U MniM h O-gp^ffeTC^T-M^^tlfc U^-> 
A?>if>Mttt (2) Li 2 Mn 2 0 4 T'^^ti5iE^^^ 1 Jf-e7AV> 

T* 10:90-98:2, $?$L<&20:80~97:3, £ £> £#1; b < fct 
30 : 70-95 : 5, g4>#i; L < (i 5 0 : 50-95 : 5T*fc£o ftfcs * 
«Wfci3V>-ctt CD t (2) ©^g££$#i:-rs#> 3&fcffe©J*#££# 

* * ^ &g fc jfe t; t bjjitc* & u * a v > # >w.&m{t itf « $ 

m&IOfti: UT«^f>tlS Vf-t&to&Qlt LTfciU Li 2 C0 3 , LiN0 3 > 
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LiOH, LiOH-H 2 CK LiCl, Lil, CH 3 COOLi, L i 2 (X V 

tti&mft t VT m^ti ibS® tLTlts Mn 2 0 3 > Mn0 2 ^©v 
>#>Kfc«k MnC0 3 , Mn (N0 3 ) 1N ^AM>H7>#X B§fl6»^> 
#>3F©^>#>Jg N 2f-*^7kffift^*«^(f e>tt5o Mn 2 0 3 i:tTs MnC 

0 0-9 0 O*CSft0fift-CK3H#ffltlT-C*«!l*ffV^, &^T*5 0 
OTOTa^^Tl O-C/minTOlH-CMtSm lft|6 0 0~ 
9 0 0^«§^fift^£&Xti:K£MMTT*&U &^T*4 0 0°CgJ^©S 

USP 5 8 6 6 2 7 90*7A3L54-*7A4©L2 ltffitt® 
Ifett (fil*7A3L 62© i"600~85 0°Cj ©$#(£, #$PJ1 ££UTfci: 
T6 0 0-9 0 0°Cj fcf £) fcftjtttJ:^. 

0 1mVgtt±, #*L<tt0. 3m 2 /g«i, «tt)»*L<tt0. 5m 2 / 
gttlt'$>t), ^:Itl0m 2 /gfitT, »*L<ttl. 5m 2 /gWTs it) 
$?£L<J±1. 0m 2 /g«Tt$S o ttmmmifi'bZT fStlz-h^ttOffi 

ff£L<l±0. 2/zmW±, £*>tc#£L<fci:0. 3/zmtt±, g&*?£L<{± 
0. 5/£mW±TftDs Mm 3 0 0//mJ-^ ff$L<l±10 £ £ 
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ittbtJti\ «&&©&M©£&£T®^t- 

A^ H ^©U^»i7Av>^>^^b^ii. 09;LBU 7-MnOOHtLiO 
H ©*&$ t £;:£:KJ;!m£>ft£ 0 S^fr i: t T t± , 300 

mEET lSO-CSBFEahl^M^Jtfifcao (ftg§¥ i 0 -3921 

^H^CU^A x'>^>^^btlii> CTx.a, 7-MnOOHfcLiO 
H£H 2 0£^5Hl-&Lfc&x 10 0 Obar ^ linch ©^1/ y hCiri/* U N 
i foil T*7^7-UTAr^tilT3 0 0 - 4 5 0 0 C-e&fifcf S C i:l3«fc OflSir 
£#T*#3o (J. Electrochem. Soc. 149, 3396 (1993)) 

!)£$t-3C£#T§S£h#ft£*lT^£ (Nature 381, 
499 (1996)) 0 NaMn0 2 ttNa 2 C0 3 i:Mn 2 03Oiffigji5{: < t *)'&ZZt1fi 
(700-730°C 18-72hr under Ar flowX -f t>xiliL iBrCn-^^ 
■9- y -i^l* T ilSitT £ Z t (c J: D ft o z. £ # T # £ o 

# >&Gmt<®} 1 7 U ^ £ A £££ f £ ||M §jp^ lt M3£T § c i: 

^^flfe5c*-eg^^tifc';f-^Av>^>^^btli±, Mni^ h©-S5#ft!l 

11 



WO 01/15252 



PCT/JP00/05338 



M#3ffiT&3fb£t)#$?£L<s -?>jl>m<bV>)t Itlis #J;U£> Mn 2 
Oj-^The American Meneralogist Vol. 50(1 
9 6 5 ) 1 2 9 Sntmm(D7-Mn 2 0 3 Zm\-fZ>Ztttt:%2>o £ti£ 

{fe^H (W&tzM) tLXitAl, Ti> V, Cr, Fe, Co, Ni, Cu, 
Zn, Mg, Gas Zr, Nb, M o RVP d © + £MiR£ft3'J>& < t fc- 
Q©£g^lt#^{:f£>*U #2:L<fci\ Als Vx Cr, Fe> Co % Ni N M 

v> # N mmty»tz & ^ x mitm t r ^ * ci #s * t ^ 0 

d©^l^ffe7c^A s ±S-{3MLfcv>^>^b^ili, mint, WT©(D~®©# 
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0. 0 0 5J£LtO. #£b<iiO. 0U:*±0. 4filT"C»* 0 »** 

^«±M*+t*»SMn*J:Offl!j7C* (S&5cH) ®i£Pa©itJgtt> 0.0 1 
~10mol/K 2fi;b<tt0. 0 2~5mo COIlflis 
?§M&b<ttW«»ir££t#lli;b^o 7&?S£ftfc3iiJ|5Bfifc < N &*z- 
ia&££SbTfc<k^o 

Xits 3imi0 0°CJ^ »Sb<'tt90WC, »UT3 0*C&±©I6 

b^o 

®OX«T*> xg(|)^^bfc»it{b^©^gSlc(i^*^©#McD^a«: 

ft* 0 fqltio»^o^K:t)^bfc^> 3l£l«^Tft$>nfc*-* 
£&&f ££2:#M£b<U ^M©pHli^-dr^^aibfeVNj:d$iJffli-r5^ 

t&mfi&t bTfcJU 0Jx.fc££MTT 3 0-2 0 O'Cfc^vc 2 ~ 2 4 KfF^P^f 

zismvmj e>*is, ^^1*2 00-120 o°c. »^b<(±3 5 o~ 1 1 

0 0°C N Mfc»*b<tt4 5 0- 1 0 0 0°CT-frt>n-5o ±IB©|gH^-?:liM n 

<i&£ 3 m izm&t % z t #n b u 0 
&mm?$\± 1 mmu± 5 okfhwt^s u> 0 tmv&wuTZ'&j&f&o® 
ni% ±mcof&®u±z-imm<D®%tzmmzmisbzz ii-tfiML 
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VrVAit&VdtLTli. Li 2 C0 3N LiN0 3s Li OH, 

L i OH • E 2 0*f<D&mt%), Li CI, L i I ^©^P^Wbtk Li 2 0^ 
©g^btk CH 3 C00Li, ^A;^>iLi, IMLifCMl, 7?- 

;p u ^ ^ a ^© T)i *)\, i; 5" a m ftmj t> ti 3 » 

±IBT>*->^{btJt Uf-->A{b^tl^©M^I±^rStt^xT-C-^J5So^ti^ 

«S£«3 5 0°C&±1 2 0 0°CWT, JF*U<li5 0 0'CW±1 0 0 0°C 
WTT-££o ±HB«gH&TTI£L i#^#&$ctt«J\ ±!3$BH&±T-y:Li©3r 
&#£££S:*T,#;&'K ^-rtL*>*?£L<&Mo ^«P^iill^P^±7 2« 

«J^e7A^b^tI^T>^>^b^t)©^{c e tssffis^&{c45v^T(i, 
S n#f jig© 'Jf^?>if ym.&mbW£& 
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trt^o 8*.tt* 8HftT-e©K*aU6E£ 1 0 0 0 0 ppmfilTv <tt 1 0 

tt % 0 . 0 1 /zm fil± 50/zm «T* »S t < ti 0 . 0 2jumfil±3 0/tmfilT 

9thftP%n©L i ©$£&#nii£tu M«t!&«-e©fiefflt:*^TiajH3&»4i; 

ttgti\ 0. UmW±10 0)«mWT> »*U<{±0. 2 fJLm &L± 6 0 /zm fel 

tt&V*o Jt&iSlKttO. 0 5m 2 /gtt±10 0m J /gttTs #£L<&0. 1 
m 2 /gJU±5 OmVgJaTTfc*,, ±IBlBffl*?iT"(irStlK^m»^©L i 
©J£!fc#IM£ ti> ±fBI5IS <fc S *T ttttffft i: © BJSJ&S R3I T S c 3 0 
MniM h©-^#L iW^©fb7C*-Cittft$iifciE^aau^<7Av>*> 
££®«fci\ Mnfls£«j N 'Jf'JAft^ &tfffe©£Jl7Gjfifl;£MM£\ 
ttHg^^S^afciDSJtrscfcj^-CSS. ffli©»i&#$Si:bTB\ Mnlt-f 
h©-g|5#^fSlT§&£;h,fcT>#>$Hbtk XttMniK b&tf/XliH-tf- 
-f h©-gP3!) J ffe7cmT-tt^^nfc^^^7kKfbT>^>^ N y*-£Afls£«Ji:4 

ttje^-frscti D*:S35Fffit>^fflr sct^ti^o 

±HB©ft!j^©fb£tJ£LTttft£ftM£ftt\ &«©iMb$k zkK-fbt&U & 

rc*fc^£Mnfc£»;ftvy*«>Afc#tofcS^ ^tS^tli, 
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U^-Mb^^LT&x Li 2 C0 3 , LiN0 3 , «®HlMgStt % Li OH, 
LiOH-H,O*0*fim LiCl s LiIfffl;\D^>«, Li 2 0f 
©^fbtK CH 3 C00Li, ^M^>iLi> L i *?© 7* 

X-%Z> 0 v^A'VitttUli, Mn©iigfc#3<ifrt-&S{b&«#£L<> 
^JilfMnjOs^The American Meneralogist Vo 
1. 5 0 ( 1 9 6 5 ) 1 2 9 6K£IB«<D7-Mn 2 0 3 £W -5 £ 0 

©JK«#«^t*3fc&4>fc^;&#S*L^o v>f>M^bTMn^ b© 

-aw±iBfl&5G3fc-e s& £ nfc v > is >mb®zmuz> z t & § a . 

Oi«cH^^-MLfc?>^>||ttlt m?L&, WTO (1) ~ (3) 

16 



WO 01/15252 



PCT/JP00/05338 



(1) Mn4^it5'M< i:fc-«©fb£$Jiix 'J>&< tb-MOfkytmib 

(2) ig ( i) x£j&itc®mxiiL®mm<Doii-mg.zmtoZi£hztiz& 

(3) ±gB£tt{b£t)£#l§t> £*U iiMT-CWSlS, 

Sfl^^^H^Olllfe ^>^^->A^ &<b 

cfc^o flii5u!i<D^;Hfc^ Mn t^M(D^ )l1kt(D%kmiz 
0. 0 0 5W±0. 5ttT> #i;L<ttO. 01tt±0. 4«"Ftfe5, 
^&MMm*lZ&tfZMn& £UmKm(D%tm<Dmm±, 0. 0 1~10mol 
/!U JfSKttO. 0 2~5mol/ltfc^o d©X*§T*l±, t < l± 

±IB (2) ®Xgtc£^T> x*l (1) -C^Lfc7§MX(i!l®r«©OH-^JS 

-frSfgU ^t<{i j e©ij^t, ji^bTk^ ^ifituofciMb#J£;!]D;LTfc t fc^o 
ifiii^t^Jfilli^^^s ^b^J'&inx^l^tM^^^^cih^T't, it 
^tJ:b^Lfcttet<b^©fe^tt«SM©t-Sfc», »bT*)J;^o M 
UfetLXte, If lOOTO^ $?£L<i±9 0°CWTT% M3 0°C 

±ib (3) ©xst% xft (2) x-£&\stz&mt^<Dftm\z\m*&'m<D 
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&tL-c\z, 0ijx.«^tt-3 o~2 o o°c(c*^T2~2 4mmmmt^>^ 

m&Um*2 0 0-1 2 0 0°C, $?|;L<li3 5 0-1 1 0 0°C, ItfflL 
<t± 450-100 O'CX&Zo ±HBOtga^T-{±Mnffim^3fffi(;^^-r-5C 

mz^mt &x$>£u 0 t&m&xvt&mtmmftxft^xb^ 

^t*)^VNo ±ia (3) (DJimtmmft&ftT-zftoztftTzzzo 

©P£. Mn{b£tk U^Afbi^tk &tfffe^fS{b£t>©S£©#&£: 

LT, Ms :r;i/=f>, ^U^AfeiT^W^tlSo MSJt(i3 5 0°CW±1 
2 0 0°CWT> L<t±5 0 0 °CJU± 1 0 0 0°C&TT-&So ±I3IbHWTT- 

$Z-x&mmt&i&Lx : b®]%:±(DMg:Zmti>zzttfMLUo 

^ A fb-^t) i: v > # Wb i £ MS/foC & <^ t «U ^ e * ;b 
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©-aj*fib7c*-es«i-r5'3i:t:j:t)x ±i3&j&$Mb£ti£?g^ «-f£*:^ 
-e#£©T-&£ 0 

5, «I«TT©K*«** 1 0 0 0 OppmttT, $?£b<ttl 0 0 0 

IE;?g^^*A^>#>&£Kfc&©-*&?©&&»N 0. 0 1//mW± 
5 $f£b<&0. 0 2/zmJU±3 0AmWTti&5. JKS^/J^-T 

U^^A-*«a©Effi85«»Hi: LTttfflbfc»^«»*i:©BJS*&*8l 

<E««EffiftT?©fl!fflK:*l>THIfi^i:5i k^*S©7?»S b < -Jfett 
?©^«t^t:»JiKtt&V>o -^^©ttStt^ 0 . 1 //m JU± 1 0 0 /imttTs 
ffS b<i±0. 2/imJU±6 0/imtlTO5, Jftg#/h£rS?3 fc&D&l^ 
«b<* ^#-r^5k^Sffif^*A l H»i:&!)»Sb<ft^o -&&?©?£# 
fc#fc«HRtt&^. Jt^iBSffcfcO. 0 5m 2 /gJ-U10 0mVgttT, b 
<tt0. lm ! /gW15 0m ! /gWK-$5o ±S2«B*»-T?tt8&«3ft £ii8¥ 

LTfflv^ft3#> c©«fc5&IEffifcJ:* 31^±!BrgtlK> ^*#J£tf#m8iJ£^ 

h7 7;i/;*-nx?-l/> % E P DM (i f - U > - 7D K U> - J?i > =7cftl^*), 
SBR (X^-l/>-7^^x>=fA), NBR UD-h "J S>x>rf 
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?hm%2 0-9 01H i o~5 omm.%, &vi~2 omm%*ij£T-fc£o 

I> Als Si, Sn, Pb x In, Bi, Sb N A gfc£© U L 
7\ KK-nirfiBfcMoO^ W0 2N TiS 2 , T i 0 2 fc£©g;££]g®«fc.5 

^ n e, (D%.m%ttmz 2 aw±s^ft t & & © x & a ^tt±§a©^£ mi*** 1 
&*mtm* 2 «jsi±a^b u & * © 3 c t * -c s * „ ±13© 

«»E©g;fltt#C|g££ft3fc©TB:&v^ ^n^^, AJS&ift^ 
M^$©M*4£®fflr£;i£#T-t3 0 ^e©S0i£M£:|5lji©#i£ 

t'f D>v "fe^l/D /^7"bT h\ -hD-fejl/P- 7 N *"U7;i/*> x ^IJ7^ 
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*KI±5 0 0^ MtC$?£ L<li4 0 07t\ mt>&£ b< fc*3 0 077T*$)§o 

5> N 2-^?;i/rh7tFD77> s 1, 4 -y#*1t> N 4-^;i/-2- 
^>*y> N 1, 2—>Vh^>x*>, 1, 

Dv7h>x 1, 3-^t^rV7>, 4-^;i/-l, 3-^^drV^>, $>x 

^;i/x-^;K *;i/*v> N ^t^I/T^I/*^ x r-fe h u;w 7D«zh 
^VV-F'JJK 7fD-f'J;K Al/D- h u;k i, 2-^^dox 
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&»©^r*i4>#fi&ffi"e^ LiC10 4 , L i A s F 6 n LiPF 6 , L i B F 4N 
LiB (C 6 H B ) „ LiCK LiBr, CH 3 S0 3 Li, CF,SO,L i^OU 

Ifl^ffl^S^h^T^So ^ B B B l©@ft:tMi:Ltf±^x.ll Lil % L 
i, N, L i 1+x M x T i 2 _ x (P0J 3 (f^lM = Als Sc, YMLai? 
6«:*»*6«tfix*'i>«i<i:*-|l) % L i 05 _ 3l R E 0&VI T i 0 3 (fc£LRE 
= La, Pr, NdRVSmfrt>ftzmfrt>m\£ti2>>J>te< ^tf^tf 
£*U #&H©Btt*»RfcLTt±0i*.tt % 4.9L i I-34.1Li 2 0-6 1B 2 
0 5 ,33.3L i 2 0-66.7S i 0 2 ^©&i»#5*-£ 0.45L i I -0.37L i 2 S- 
0.26B 2 S 3 s 0.30L i I -0.42L i 2 S-0.28S i S 2 ^©iM;tJ#7 *^f# W 

<mmm> 
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(%) = 

[(100 W*TOiFg)/(l -100 WJttiJH-S§fi©g^i[)] ×100 

>«^»fls* (LiMn,. 8B Al 0 . 12 Li 0 . 03 O 4 ) ©»jg 

*iftUm-*«ft (LiOH-H,OK = SMt-T>#> (Mn 2 0 3 X 
^-T-f h (A 1 OOH) L i N Mn, A 1 ©&*^E;uJt (Li : Mn : A 
1) #1. 03:1. 85:0. 1 2 £3 fcfcTMU &<S£U 8 
8 0*C7?2 4«?iattJ5aUfc 0 ^©&* XRD ©£*£ J C P D Sfc- K 35-0782 

(2) Mn^ h#CrT-g&£ftfcJf#^g£;£-r 5Uf->AY>^>^8 
ML i 05 Mn 0 . 9 Cr 0 . ,0 2 ©S^ 

«8' 7 >*> (II) 67Kfnt)3 4. 4g, mWLtUk (III) 9zMU&5. 3g 
€*3 5 0 gt»»S^ &§&#if#*fT^&a s &, £©ig&£ 

*Rfls»;*-£A 1 1. 8 gfcagMb*SR2. 4 5 g*£#r**»**»TF3* 

8o°CT3«FP^^t> *©&&sjl£„ &m\sitiJzmtoii&tsm{**M 

0 0-C-C2 4RS«|^%ffofc„ C©«t:bTfl?.tLfc»*l. 18s i:*»<b 
Uf-^A-7Klnt>0. 6 6gOT (Li:Mn:Cr=l. 05:0. 9:0. 
1) U £<ig£U S*^SET9 0 0-C-C1 ORFK^jgfetfco 
fc»*fcoiNTXRD38j£Lfc<gSI£ J. Electrochem. Soc. V 
o 1. 145 (1998) L4 5 fcffi«©iS«fcflitLfc fcCS, WHlSKl 
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(3) lEMttU&£UJEM(Dttm 

■?>*>&&mt%>}t±m (2) T-^t^^«ii^^-rs>j^^Ax'>^> 

«S#J :*£«#J=7 5:2 0 : 5 ©gy^T-S^LTiEMM*4*MLfeo 
(4) 

^ISi:^«f^li:LTO^U 7u/-fbt^'j7 J > (PVdF) £SS£tT 9 0 : l 
£2 0#m©Si?S©tfEfc&*|ru S6*LT*«E*3!!S»*^ ffi^O. 5t/c 

(5) mm<oftm 

0. 5mm©<;?-e7A?g) # U 7D K U y h £ttt*fci*PftKEE 

1 Wl OL i P F 6 S^tfcif u >*-^ 
*-hiH?^?)l*-tf*-ht(Dm&®m (50vol%:50vol%)£ 

(1) MnN t#m7imT'Mm£hT\,^\mttMmZGtZV?-t7&v>ii 
>8.&Wt<tm (LiMn0 2 ) ©Mil 

*tftU^A-*«»(LiOH'H I 0), ^+«fc?>ij> (MnO 
OH) Li, MnOt;Ht (Li :Mn) #1. 05 : 2. 0 0£&3ct-5 
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fcgt-Mu &<®£u mmmmT 9 o o°ci: i ommmmLtzo ^omw 

XRD£ JCPDS *-H 35-0749 illt^Lfc^, UlS^mt^m^) 

nnmi(D (2) Tff^ft&MnlM h#CrTrg|&£ ft fcjf -T-5 
';^e/Av>^>^M^ (Li,. 05 Mn 0 . 9 Cr 0 . ,0 2 ) ©ttfcb£, ± 

T>^>^t^«<£ffl^^fe^^ill»l i: Iridic LT«Tfe*«bfco 

tmm i 

TkKfcUf-^A-zMIIfc (L i OH • H 2 0) s =BMt (Mn 2 0 3 ) 
L ix Mn©&*^;i/Jt (Li :Mn) tfl. 04:1. 96 £&&J;?&fi-C 
ffiU £<S£U 8 0 0-CT2 4WfIH«Sfi6tfco ff&nfc»*OXRDOlB 
JCPDS *-K 35-0782 fc©Jt«fr& % ^mS'J^^AT^ 

(2) M©S^ 

f!«Jl© (1) ■CftfctifcMniM' h*«AlT?IHft$nfc^K^;HeS*Ji 
**r*U^*Av>#>a«ft* (LiMn,.„Al,. ll Li 0 .o 1 0 4 ) 

fi*3S**-rsu^«>AT>if>u[^afl5»4ffl^ % iimji© (2) nmzti 

fcMn-tM h# C r ft fcjfWiii Uf^Av>^>Mtt 

(L i ,. o 5 Mn 0 . 9 Cr 0 . ,0 2 ) ©fttoDlc, ±fST-f§£ftfcMn-tM h#flb 

n0 2 ) £^£J^lif|»Jl tiSCLtflMMlfc. 
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Stt5Uf^AT>f>Mtt (LiMn,. 85 A1 0 . 12 Li 0 . 03 O 4 ) 

(DfrziEMmvamtLTmutc mmmi(D (2) x-n ztitzMnyj h#c r 
cr 0 . ,o 2 ) £S£u&frofc) ^mit^mmi tmmizLzmm*ttmLtz 0 



1 : 5 o o cir45(ts i ex*© i o oit-r ?)i®m.mttm 
JEmwn ( i ) JEm^m ( 2 ) vjt)m&m 



nmmi xvzjiwm^*) mvtwt&%\) 94% 

2 *e*;i/g&;fft) JIttg&&L 9 4% 



1 *e*;US&&L Jf#g&&L 8 0% 

J±WJ2 xe*;i/g&W t) - 76% 



tmm3 zv*jimm&L - 72% 



it»j 1 imm¥8 - 7 8 8 3t^^oi^bn*fe5^ itmm 1 t 
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;i4t8*tte@©it#;&& 0 
££09 3 

(1) MniK h^N i-eBlfe^nfciE^^mU^»>Av>^>^^fc;^ (L 
i 2 . 0S Mn t . 76 N i 0 . 20 O 4 ) ©Mi£ 

^^Hft?>i/>7. 9 2 g, 7kKfls-y^r;P (II) 0. 9 3 g, 
U?-£A— *ffl&4. 4 1 g£#S [Li:Mn:Ni = l. 05:0. 9:0. 
1] U ##Lfc&, g3Bm«TF9 0 0°CT 1 0«HttAtfro&. *fcf£ 

&©TS£ftfc»*fco# N *©XRD38^©jem&JCPDS*-K3 8-0 2 
9 9B«©ISJIIt»JttfcJ:C5, SmiE^ B ^IFsU5 L ^Av>^>^^bt;-?: 

(2) mffeoMM 

H«l© (2) T?f»6*ifcMniM h#C r-CM^tifcJiWfllJSft^-r* 
V**A-?>#>9L&mfcVl (Li l 05 Mn 0 . 9 Cr 0 . i0 2 ) ©ttbbfc, ± 

^ (Li 2 . osMn,. 76 Ni 0 . 20 o 4 ) zm^w&nmM i tmmt LXM 

(1) Mntf-f ^CoT'g^^tifciE^^U^«i;AT>*r>^^btl ( L 
i 2 . o 5 Mn,. 76 Co 0 . 20 O 4 ) CDSJg 
$^>#> (II) 6zkffi«4. 4g,^83/^h (II) 6 7K*n«. 9 

g^7K3 5 o g£$gfl¥3-e\ £©« 
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8 0 0fC24«^ofco u08tLT»?>tifc»*l. 19gi:« 
<b'J^e7A-7K»0. 6 6 g^ffl (Li:Mn:Co=l. 05:0. 9: 

o. i) u &<m&u a oo^-v i oftmm&Ltto mfm<D& 

&ft&»*fco^TXRDM£Lfce*fc, JCPDS*-K 3 8 -0 2 9 9 13 

( 2 ) «%©«(& 

'jf^v>if>W|ft» (Li, 0S Mn 0 . 9 Cr 0 . ,0 2 ) OftfcDC, ± 
4ML i 2 . osMn,. 76 Co 0 . 20 O 4 ) fc^fcW&ttfSlftm fcl^ttfc: LT* 

2 : 5 0"Ct*Jt* 1 CT© 1 0 Oi^-f ?;i/$ft&$Ms 
EfiiftEC ( 1 ) JEMVom ( 2 ) V±2jm8M 

ny&m 3 LiMn 185 Ai 0 . 12 u 0 . 03 o 4 Lu.06Mnr7eNio.aoO4 9 0 % 

mm®! 4 LiMn, 86 Al o . 12 Li o . 03 O 4 Li 2 . O5 Mn 176 Co 0 20 O 4 8 8 % 

itmm 2 LiMn 188 Alo. 12 LU. 03 0 4 £ b 7 6% 
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m # © ft m 

1. (1) *tr*;HSS«H6££U Mnt^f htD-gp^ffe^^trSm^n 
fc'Jf>AT>if>^ifli«Ik % (2)Li 2 Mn 1 0 4 T***iSiE*a3RUf- 

2. (i) *t:*;nigg«ig£*u Mnit-r h©-&#fl&7cifc-esifc£ft 

3. (1) *t:*;i/*Sg*H§£*U MnN h©-SB#flii^t-£g&£ti 
fc'Jf^Avy^^ifbiils (2) L i 2 Mn 2 0 4 T!^$4 v i5iE^rS^Uf- 
£A^>#>&£gMb&©Mn-fr-f h©-g&#L iW^©ffe5u^T-fim^tife<b 

4. ^K*;i/«gS«jg*#-r'S';^^A^>3tf>tft^»fl;«5©Mn^ h£ 
fi&f 3ffe^5H#s Al> Tis V, Cr, Fe, Lis Co, Nis CUs Z 
n, Mg, Gas Z r 1 &±(D{fc5imT*$>Z>Z b*ftWl 
ftZffi$.<Di&Wm 1 Jl~^ 3 JS©vvrn*»tgtt© U ^£ A-&§tf!ifflra& 

5. U5 L «i7AT>^>^^btJ©Mn-tf^ b£ 
t&-f £ffe7uMS#s Al> Or, Fe> Lis Co, Nis Mgs Ga^^^S 

«©u-r*iA»cf3*©y^«>A-jfc«?ibffiiEa*t#4o 
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6. xfc:*;i/^n#!ai£*r-r£ x )^^A^>ny^m^oun^^ h£ 

BSff 3fli7GfR#* Al, Li, M gjb»e>& 3 1 W±©ffli7C*T 

& s c *«f« h -r * m^mmm 1 3 110 w r tisatt© u ^ ^ a - 

8. ^K^;i/*gS«Jg**-r*U^»>AT>if>Si'&Kfl;«9©Mn1?->f b© 
fl&7clKt:«taaij|i!l^*« x MnO 1~3 0 : E)\'%IXT-e$>%Z.t%&WLbtZffi 

8^©v%rn*»t:ffi«©u^'>A-^sftbffliEfii#»o 

Al> Ti, V, Cr, Fe s Li, Co, Ni, Cu, Zn, Mg, Ga, Z 

r, Nb, Mo, Pb^^^5P*»?)M«n^ iw±©ffe7c^-esm^nT^s 
ci:*^i:-r5it*©t5fflBiJg, m2&s »4JS-H8«©v^rn*»fcfa« 

1 1 . mftmfezm-tz> u^£Av>#>&£-&fc&©Mnij->f b©-g&#, 

£sit;£©«Bia$g IS, H2lf, aS4JS~SSl OlI©l\-f ^^(CfB«© i ;5 L ^A- 
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12. L i 2 Mn 2 0 4 -e*$nSjE^rSlRUf-»>Av>^>ttt^Kfll%OM 
n+M r-©-»4*$fc-r*fl&7G*#x AU Ti, V, Cr, Fe, Li, Co, 
Nix Cu, Zn, Mg, Ga, Z r, Nb N Mo, P bfrt>ft2>mftt>M\£n 

©^-rtifrtg3«© u a -^mmffliEii^*4o 

13. L i 2 Mn 2 0 4 T^£ft£IE;S 1116 A v>#>^£Mt)©M 
n-9--f h^g^l-^ffeTC^OiPM^Klffi^^, 3. 5£iiT-&£c:£:££fglc£:-f 
3»#©«HI8 IE* t&3E~& 1 2E©^1*ftA»K:t3tt©yf-*A-&mflbffl 

14. (1) *K*;meH«jg£*U MnIM r©-&#fl!i7cJ&"eit8l«* 
titz>)?<>ki'>jS>W.'&m<b%}t, (2) L i 2 Mn 2 0 4 T-H£ftSIE;5 113,1) 

fb^ti*J;^/tfeli^^m^$W-r§ V^Av>#>m-£gMbt)£:©SJt#, 
fiSib-e 10:90-98: 2^&3C fc*ft«fc**»#©|gH$g 
3 JS©lN-f tifr£I3«© ^^Ai^iiffllittH. 

15. (1) ^K*;i/ISIIJS*«U Mnt>f hO-gp^ffe^STS^^ 
*ifcy^£Av>#>«£Kfc«Jfc x (2) L i 2 Mn 2 0 4 T-^$ti5iE^^^U 
f-^ATV^^MfbiOMn+f-f b©-S$#L i &ft©fl^cfilT*S8lSftfc 

J: fc fct;i#«fi££ S U t> A v > # >^£i?{bti i: ©Mit#, 
MJtT-5 0:5 0-9 5: 5 T'ifcS d fcftfcfcf SHI #©$SBi§ 1 Jf~IS 1 
4JS©V>-f tifr£fB*4© U A-»*mffliEffi»« 0 

1 6. »Sc©l5H^ 1 JI-^ 1 5JS©^t*ftfrfca3tfcDy?-£A-&tti6J8 
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1 8. MniM h©-$#L i &&(DttL7C*'Z tiltiEJS m% »J A 

19. fl&7G*#s Al, Ti N V N Cr, Fe, Li, Co, Ni, Cu, 
Zru Mg, Ga, Zr. Nb, Mo. Pb#£fc3i$*£SKftS 1 W±^ffe 

Tc^-e&acts^at-rs^ottBB^ 1 8EE«©iE;£g2Bu^*Av># 

2 1 . 9t$£>ffigB£ 1 8IRSfc{±^ 1 9E£S3«©iE3&glRy?-£Av># 
So 
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